The effects of two pressing methods vs solvent extraction, and of different heat treatment of the press cake on the nutritional value of rapeseed protein were studied. Rapeseed cake contained more fat (9-12 vs 4-5% DM) and less protein (31-33 vs 36% DM) than solvent extracted meal while digestibility and biological value of cake and meal protein for rats did not differ significantly (80.9 vs 79.2 and 86.1 vs 83.5, respectively). The incubation of seeds prior to pressing aiming at activation of endogenous enzymes had variable effects. The first batch of the pre-incubated cake had lower lysine content (4.91 vs 5.76g /16g N), ileal digestibility of lysine in pigs (57.8 vs 72.3%) and biological value
INTRODUCTION
The most commonly used technology for oil separation from rapeseed involves prepressing of flaked and cooked seeds followed by solvent extraction and desolventizing -toasting of the meal. This process is both labour and equipment intensive; therefore more cost effective, pollution free and safe operations are searched for (Loutas, 1991) .
Some procedures alternative to solvent extraction have been proposed and tested on experimental scale such as expression of oil with single or twin-screw expellers (Isobe et al., 1991) , pressing after pre-treatment of seeds with enzymes to enhance oil recovery (Sosulski and Sosulski, 1991) , or aqueous enzymatic process (Jensen et al., 1991) . The most extensively evaluated parameters were the yield and quality of oil while less attention was paid to the effects of pressing technology on the nutritional value of expeller cake and on the need of post pressing heat treatment.
Moderate heat treatment of rapeseed meal or cake is necessary to inactivate myrosinase and to remove the degradation products of glucosinolates still present in double-low rapeseed. Negative effects of glucosinolates on feed intake, growth rate and thyroid functions were observed in many animal species (for review see Mawson et al., 1994 a, b) . It is also well known that overheating may decrease total and available lysine content and impair protein utilization (Anderson-Hafermann et al., 1993; Grala et al., 1994; Jensen et al., 1994) . Thus heating parameters such as temperature, duration and moisture should be carefully chosen to ensure the high protein value of processed rapeseed feeds.
The study was set up as a part of an investigation on the choice of the proper technology of pressing rapeseed oil without solvent extraction in a Finnish oil mill.
The objective was to estimate the effects of different pressing methods (as compared with solvent extraction), and heat moisture treatments on the nutritional value of protein of the cake produced on experimental (pilot) scale. The nutritional value of the cake issued from the consecutive steps of industrial pressing in the oil mill was verified.
The main criteria of the nutritional value of rapeseed products was protein, fat and glucosinolate contents, protein utilization (digestibility and biological value) and growth performance estimated with rats. Ileal and total digestibility of protein and amino acids was determined in pigs to compare the effects of the two methods of oil separation.
MATERIAL AND METHODS

Technological treatments
Methods of oil separation
Three methods of oil separation from rapeseed (Finnish 00 type) were compared: standard procedure of solvent extraction which final product was rapeseed oil meal (RSM), and two experimental procedures of pressing which final product were rapeseed cakes (RC). RSM was produced in the oil mill equipped with desolventizer -toaster working both with live and indirect steam. At the end of the process meal was treated with pressurized heat-moisture for a short time. The cakes were produced in a pilot plant using two procedures:
1. rape seeds were incubated 4 h in 50°C at 30% moisture to activate endogenous enzymes, flaked, heated to 80°C and pressed on a Reinartz continous screw press, type Ap VII (the cake was designated as RC enz ), 2. nonincubated seeds were heated and pressed as in procedure 1 (the cake was designated as RC).
Two batches of RSM (RSM 1 and RSM 2), two RC enz (RC enz l and RC enz 2) and one RC were evaluated.
Heat moisture treatment of the cake
The cake produced according to procedure 2 (nonincubated) was further submitted in a pilot plant to different heat-moisture treatments. The cakes treated as follows were evaluated: -non treated (RC 0 ), control, -autoclaved during 15 min to 120°C at 18% moisture (RC aut ), -toasted during 45 min in 100°C at 18% moisture and nextly heat-pressure treated at 120°C (RC tl20 ), -as above, but heat-pressure treated at 140°C (RC tl40 ).
Industrial processing in the oil mill
The flow chart of the industrial process based on pressing the oil without solvent extraction is shown in Figure 1 . The samples of cake were taken after pre-pressing (RC pp ), full pressing (RC p ), full pressing and toasting during 45 min NYSTRÔM R. ET AL. at 100°C, 18% moisture (RC t ), full pressing toasting and heat-moisture pressure treatment at about 120°C (RC th , the final industrial product).
Evaluation of rapeseed products
Experiment with pigs
Six Large White x Landrace castrated male pigs of about 35 kg body weight were cannulated by insertion of T-shaped cannula in the ileum and were fed the experimental diets according to change over (2 x 3) design. The semisynthetic diets containing about 14% protein of the evaluated products, were fed each to 6 pigs at the level of 2.9 times their maintenance requirement for energy. After seven days of adaptation, faeces (3 days) and nextly digesta (3 x 12h) were collected and immediately frozen. After collection period the samples were pooled for each animal and freeze dried for analysis.
Digestibility of protein and amino acids in the small intestine (ileal digestibility) and in total gastrointestinal tract (total digestibility) of the standard rapeseed oil meal (RSM1) and preincubated cake (RC enz l) was determined.
Tests with rats
Balance and growth experiments were performed on rats. True digestibility (TD) and biological value (BV) of protein was determined by Thomas-Mitchell N-balance method on 30+1 day old male rats from Ifz:JAZ outbred herd, 8 animals per treatment. Net Protein Utilization (NPU) was calculated according to formula NPU = TD x BV/100. Feed intake and growth rate were measured in growth tests of 3 weeks duration, performed on male rats 25 +1 day old, 8 animals per treatment. At the end of the experiment the rats were killed, liver and thyroid were excised and weighed.
The semisynthetic diets contained rapeseed products as the only source of protein at the level corresponding to 9.5 per cent of N x 6.25, and were equalized in contents of fat by addition of rapeseed oil, and of fibre by addition of cellulose. Minerals were added according to NRC and vitamins according to AOAC (1975) . Sucrose was included at 12.0% and wheat starch to make up 100%.
The rats were maintained individually in cages allowing for the control of feed intake and collection of faeces and urine. Feed intake in N-balance experiments was limited to about 10 g DM rat/day while in growth tests feed was offered ad libitum.
Four experiments were carried out to evaluate: -in Experiment 1 and 2 -the effect of methods of oil separation from rapeseed on protein value and growth performance of rats (RSM1 vs RC enz l; RSM2 vs RC enz 2 and RC), -in Experiment 3 -the effect of heat treatments of the cake produced on pilot scale on its protein value (RC 0 , RC aut , RC tl20 , RC tl40 ), -in Experiment 4 -the influence of successive steps of industrial processing of the cake on its protein value and growth performance of rats (RC pp , RC p , RC" RC th ).
Chemical and statistical analysis
Chemical composition of rapeseed products and nitrogen content in diets, digesta, faeces and urine were determined by conventional methods (AOAC, 1991) . Amino acid composition of RSM1 and the RC enz 1 used in experiment with pigs, and of digesta and faeces was determined according to methods described by Buraczewska et al. (1987) using Beckman Analyzer type 6300. Glucosinolates in rapeseed products were analysed by HPLC according to the ISO/DP 9167 method. The statistical significance of differences was evaluated by one-factorial variance analysis using ,,Statgraph. Plus var.7" Software.
RESULTS
Chemical composition of rapeseed products
Rapeseed cake produced both on pilot and industrial scale contained less protein (31-33 vs. 36% of DM) and more fat (9-12 vs. 4-5% of DM) than solvent extracted meal (Table 1) . Activation of endogenous enzymes of the seed (incubation) prior to pressing resulted in a slight increase of protein and decrease of fat content in preincubated RC enz l and RC enz 2 in comparison with cake pressed without incubation (RC).
Heat treatment applied to press cake did not affect protein and fat content while crude fibre content increased slightly as the intensity of heating on pilot scale increased. This tendency was not observed in the industrially processed cake.
Glucosinolate content was substantially lower in the standard solvent meal than in the cake, except for RC enz l used in Experiment 1. Heat treatment applied to the cake on pilot scale reduced glucosinolate content progressively from 22.9 to 9.1 pm/g fat-free DM while during industrial processing the glucosinolates content decreased progressively from 13.7 to 5.8 /rni/g fat-free DM. The level of these substances in the final product was low and only slightly higher than in the solvent extracted meal.
Amino acid composition of protein of RSM and RC enz l (Table 3) was similar, however a tendency was observed to lower content of most amino acids, especially lysine, in cake than in meal protein (4.91 vs. 5.76 g/16gN) .
Effect of methods of oil separation on the nutritional value of rapeseed products for pigs and rats
The results of protein and amino acid digestibility estimation in pigs fed on diets containing solvent meal (RSM1) and preincubated cake (RC enz l) are presented in Table 2 . Ileal digestibility of protein, glutamic acid, lysine and methionine in the preincubated cake was lower than in the meal (P^0.05), the greatest difference was found for lysine (57.8 vs 72.3%). Only aspartic acid digestibility was greater in the cake than in the meal. The method of oil separation affected also the total digestibility of amino acids. The digestibility of proline, glycine, lysine, hisfidine and tryptophane was lower and of leucine was higher (P<0.05) in the cake than in the meal. The smaller difference was found between total lysine digestibility of the two products than respective difference between ileal digestibility. The results of evaluation of cakes and standard solvent meal on rats are presented in Table 3 . The preincubated cake used in Experiment 1 (RC enz l) had significantly lower BV than the oil meal (RSM1), and affected growth performance indices negatively (P<0.05).
On the contrary, the second batch of preincubated cake used in Experiment 2 (RC enz 2) had similar BV as the oil meal (RSM2), but significantly lower than the cake processed without incubation (RC). In Experiment 2 different methods of oil separation had no effect on growth performance of rats. However, in both experiments thyroid weight in animals fed on diets with cakes was significantly greater than in rats fed on diets containing solvent meal.
Effect of heat treatment of cake on the protein value for rats
Protein digestibility of the cake was not affected by autoclaving during 15 min at 120°C but it decreased due to toasting during 45 min at 100°C followed by additional heat moisture treatment at about 120°C (Table 4 ). The increase of heating temperature from 120 to 140°C did not induce further significant deterioration of TD. Neither of the heat treatments influenced BV or NPU of the cake. 
Effect of industrial processing on the nutritional value of the cake for rats
Full pressing of pre-pressed cake did not affect its protein value (Table 5 ). Toasting or toasting followed by short time heat moisture treatment (at about 120°C) did not affect protein digestibility significantly but when the effect of both steps involving heating (unheated pre-pressed and full pressed cake vs. toasted and expeller cake) were pooled, the decrease of TD was significant. BV of protein did not deteriorate during processing. Growth performance of rats fed on diets containing cake from four steps of processing was similar. The processing significantly affected the relative weight of thyroid gland which was reduced at each step from 20 mg/100 g body weight in animals fed on pre-pressed cake to 11 mg/100 BW in those fed on toasted and heat moisture treated (expeller cake).
DISCUSSION
Comparison of the technology of oil separation showed that simple pressing as compared with solvent extraction affects rather chemical composition of the product than its protein value. Lower protein and higher fat content in cake than in meal are the consequence of less efficient removal of oil and are in agreement with respective values found by Rakowska and Ochodzki (1995) for rapeseed cakes and meals of European production. The lower glucosinolate content in meal than in non-heated cake is mainly due to the effect of toasting, as it was found by many authors (Shires et al., 1983; Dąbrowski et al., 1989; Katzer and Minkowski, 1989) .
The results of balance experiments with rats indicating for similar digestibility and biological value of the cake and meal protein, are consistent with the results of Grala et al. (1994) and Rakowska and Ochodzki (1995) .
However, contrarily to the results of these authors, we did not observe any difference in growth performance of rats fed on cake and meal diets, in spite of greater thyroid weight in rats fed on cake.
It is well known that glucosinolates have adverse effect on thyroid functions and growth performance (Mawson et al., 1994 a,b) . It may be therefore assumed that similar feed intake and growth rate in animals fed on cake and on meal in our experiment are related to a rather small goitrogenic effect of evaluated cake (thyroid weight 14 vs. 10 mg/100g body weight in rats fed on cake and meal, respectively), smaller than that found by Grala et al. (1994) (16.5 vs 7.5 mg/100 g body weight).
Since the level of glucosinolates in double low rape seeds may vary to some extent and since their effect may be more detrimental in longer periods of feeding rapeseed, it was concluded that moderate heat treatment of the cake should be applied to reduce the effects of feeding cake on thyroid functions and, in consequence, on animal performance.
Preincubation of rapeseed prior to pressing influenced negatively nutritional quality of the cake. The lower biological value of protein of the cake used in Experiment 1 may be explained by the smaller content of lysine and drastic reduction of ileal digestibility of this amino acid found in pigs. The actual reasons of this deterioration are not known; it cannot be ascribed to heat treatment since the conditions of incubation were mild. The negative effect of activation native seed enzymes contrasts with findings of Jensen et al. (1991) who obtained rapeseed meal of a high biological value of protein using a multi-enzyme preparation degrading cell walls.
Hypertrophy of thyroid and liver in rats fed on pre-incubated cake, in spite of an exceptionally low level of glucosinolates, may also indicate for enzymatic transformation of these substances into compounds affecting metabolism. The results of pilot trials with preincubation were not encouraging for this method.
The experiment conducted to evaluate the effects of heat treatments applied post-pressing on pilot scale showed that autoclaving at 120°C during 15 min affected neither digestibility nor biological value of protein while toasting at 100°C during 45 min followed by a short time heat moisture treatment to 120 or 140°C reduced progressively but to small extent protein digestibility and had no effect on biological value of protein. These results are in agreement with those of Jensen et al. (1994) who found that prolongation of toasting of rapeseed meal in 100°C from 0 to 15, 30 and 60 min caused a slight decrease of TD without any effect on BV of protein, which was depressed only when the meal was toasted during 120 min. In the study of Grala et al. (1994) reduction of BV of defatted cake was observed after 30 min of toasting at 100°C and 10 min at 120°C while TD of protein decreased when time of heating at 120°C was extended.
It may be concluded that the impairment of protein value expressed as TD and BV does not take place when rapeseed meal or cake is heated either at higher temperature during short time (up to 120°C and 15 min), or longer time at lower temperature (at 100°C up to about 60 min).
The evaluation of the effects of the chosen pressing and heating parameters applied on the industrial scale confirmed the results obtained with cake produced in the pilot plant. Neither of the consecutive steps of the process had significant effect on protein value of the cake except for slightly lower protein digestibility of the two heat treated cake (two last steps) than the nontreated. This small negative effect of heating on protein digestibility is in agreement with previous observations. Glucosinolate content in the cake decreased progresively during processing, which was accompanied by the decrease of thyroid weight in rats fed on respective products. Growth parameters of the animals were not affected by the processing.
Protein value and other parameters reflecting nutritional value of the final industrial product -expeller cake -were similar to those found for the solvent extracted meal in the first part of the study. The results allow for the conclusion that the protein value of the cake obtained with the developed pressing technology is comparable to that of the solvent extracted meal.
